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(C-C) and in medio-lateral (M-L) were measured in the anterior portal 
images. A correction was performed when a setup error of≥ 3mm was 
detected. Intrafractional error was analyzed to evaluate the efficacy 
of immobilization devices. In the figure 1 is shown a diagram of the 
protocol used. 
 
Results: A total of 276 portal images were prospectively analysed in 
23 patients. 
Interfraction error 
For all the treatment sessions analysed, the systematic component of 
the interfraction displacement (∑) between simulation and portal 
images was 0.77,1.45, 1.27 mm in M-L (X), C-C (Y) and A-P (Z) 
directions respectively. The random component of the displacement 
was 1.31, 1.13 and 1.20 mm in M-L, C-C andA-P directions 
respectively. On average, the Y direction had greatest shifts 
compared to X and Z directions. 
Intrafraction error  
For all the treatment sessions analysed, the systematic intrafraction 
displacement(∑intra) was 1.11, 0.56, 0.79 mm in M-L, C-C and A-P 
directions respectively. The random (σintra) component of the 
intrafraction displacement was 1.10, 1.11 and 1.13mm in M-L, C-C and 
A-P directions respectively. 
The systematic constituent of a deviation from the isocentre signifies 
displacement that is persistent during the whole treatment course, 
while the random constituent of a deviation (σ) signifies day-to-day 
variations during the treatment course. The resultant values were 
incorporated into a formula proposed by Van Herk etal. to derive PTV 
margins (M= 2.5 Σ+0.7σ). See Fig 1. 
Conclusions: Set-up errors and planning margins reported in the 
literature are indicative only. It is therefore recommended that set-up 
variations are obtained in each department by repeated portal 
imaging. Applying this method the CTV –PTV margin can be reduced. 
According to the data analysis the appropriate CTV-PTV margin for our 
institute considering inter and intrafractional errors is 5mm.  
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Purpose/Objective: The aim of the study was to compare different 
image guidance methods in terms of patient positioning accuracy and 
identify the most suitable imaging method for patients with pelvic 
malignancies. 
Materials and Methods: Ten prostate cancer patients with implanted 
fiducial markers (FM) and eight gynaecological cancer patients form 
the bases of this study. Three different imaging techniques (2D MV 
image pair, 2D kV image pair and kV CBCT) were applied to all 
patients during five fractions distributed equally throughout the 
course of treatment. All imaging methods were applied at the same 
fraction, one after other and the patient shifts were determined by 
different observers. For prostate cancer patients the following 
imaging techniques were performed: kV-kV and MV-MV images were 
matched using bony anatomy, kV images were matched using FM and 
CBCT were matched on soft tissue. kV image matching using FM was 
selected as reference for prostate cancer patients and were 
performed daily. For gynaecological patients the following imaging 
techniques were performed: kV-kV, MV-MV images and CBCT were 
matched using bony anatomy. The latter was selected as a reference. 
Results: The migration of FM was estimated comparing centroid of 
triangle formed by markers on planning set-up DRR images and last 
fraction 2D kV image pair. The mean 3D FM migration vector and SD 
was found to be 0.9 mm ± 0.4 mm. The estimation of positional 
accuracy of different imaging methods (MV, kV, CBCT) was first 
performed on block phantom. For prostate cancer patients all imaging 
methods agreed relatively well for Left-Right direction shifts (the 
residual error and SD were on average 1 mm ± 1 mm for all methods 
when compared to reference [range from -2 mm to 5mm]), however 
as expected there were larger deviations for Anterior-Posterior and 
Superior-Inferior shifts between imaging based on bony anatomy and 
on soft tissue or markers. The residual error and SD were on average 2 
mm ± 2 mm for methods using bony anatomy [range from -11 mm to 
10 mm]. CBCT is superior to imaging based on bony anatomy and it 
was correlating with FM on 82% of imaging fractions when residual 
error of not more than 5 mm for all axes was accepted. However, this 
dropped to 56% of imaging fractions when residual error of not more 
than 2 mm was needed. For gynaecological cancer patients the 
differences between different methods are smaller. Both MV and kV 
imaging is correlating with CBCT on 90 % of imaging fractions when 5 
mm residual error is acceptable. 
Conclusions: When daily positioning precision better than 5 mm is 
needed for prostate cancer patients then FM are superior to CBCT. 
The main uncertainty in CBCT comes from prostate outline 
determination on CBCT images. For gynaecological cancer patients 
similar positional precision have been achieved with all three methods 
when rotations are not taken into account. Therefore, for daily 
imaging 2D kV image pair could be. However, to correct rotational 
uncertainties weekly CBCT is recommended. 
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Purpose/Objective: One of the main challenges in radiation oncology 
is to improve the consistency of the contouring of the CTV. Although 
often taken into account in the CTV-to-PTV margin, inter-observer 
variation (IOV) should not be treated in the same way as, for example, 
set-up errors. Correction of IOV should lead to observer-independent 
volumes; the same margin should not be used for an observer who 
systematically overestimates CTV’s as for a less conservative 
observer. 
We introduce a new concept, the observer target volume (OTV). The 
OTV is the CTV as described by an observer without correcting for his 
personal bias. An observer-dependent margin is used to obtain a first 
estimate of the CTV. This estimate can be edited to exclude obvious 
non-target tissues. The goal of this study is to determine the observer-
dependent OTV-to-CTV margin. 
Materials and Methods: CTV’s for the prostate were delineated by 5 
radiation oncologists for 8 patients positively diagnosed with prostate 
cancers using a biopsy. All patients were eligible for conventional 
radiation therapy, patients with (hip) implants or having received 
prostatic surgery were excluded from the study. Delineations were 
obtained using the Varian Medical Systems’ Inspiration™ Platform 
2010. To illustrate our concept we focus on IOV of the prostate itself 
(CTVp).  Alternately, each OTV is compared with the other OTV’s. The 
margin around the OTV is increased until the coverage of the other 
OTV’s is acceptable. We have chosen the criteria of 95% coverage for 
at least 6 out of 8 patients for 3 out of 4 OTV’s. 
Results: Indices quantifying IOV (coefficient of variance, consistency 
index and centre of mass distance) indicated that there was good 
agreement between the observers for the CTV comparable to similar 
studies reported in literature. Nevertheless, systematic observer 
biases were present: observer B contours a larger OTV at the apex; 
observers C and D contour a small OTV; and observer E contours a 
large OTV. According to our criteria, the margin for observer A is 4 
mm, for observer B 3 mm, for observer C 5 mm, for observer D 3 mm, 
and the margin for observer E is 1 mm. 
Conclusions: There were significant observer biases – even though the 
IOV indices reported high consistency. These biases led to observer-
dependent OTV-to-CTV margins ranging from 1 to 5 mm. These 
observer-dependent margins are expected to make the resulting CTV’s 
more consistent. Further research should focus on the rather 
arbitrarily chosen criteria and on improving consistency between the 
different observers. In our institute we use a prostate CTV-to-PTV 
margin of 8 mm with an online imaging protocol based on gold 
fiducials. If IOV is taken into account with an observer-dependent 
OTV-to-CTV margin, the CTV-to-PTV margin can be reduced. The 
PTV’s of the conservative observers are expected to be reduced 
significantly. Further research is needed to show the consequences on 
the PTV’s and the planning parameters.  
   
 
 
 
